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CASCADED MICROCOMPUTER ARRAY AND 
METHOD 

PRIORITY STATEMENT UNDER 35 U.S.C. 
§119(e) & 37 CFR §1.78 

[0001] This nonprovisional application claims priority 
based upon, and fully incorporates herein, the prior US. 
provisional patent application No. 60/355,142 entitled, 
“Microcomputer Array With Cascaded Instruction Set”, ?led 
Feb. 4, 2002 in the name of Jerry D. Harthcock. 

BACKGROUND OF THE INVENTION 

[0002] 1. Technical Field of the Invention 

[0003] This invention relates generally to microcomputer 
architectures. More particularly, and not by Way of limita 
tion, the present invention is directed to a microcomputer 
array having a hyper-scalable, real-time monitoring and 
debug architecture in Which several microcomputers are 
cascaded together by Way of a cascaded instruction pipeline 
into a single, more poWerful unit. 

[0004] 2. Description of Related Art 

[0005] In the semiconductor industry today, there is a 
trend to implement custom systems on a chip. In such a 
system-on-a-chip, there is normally a processor and a num 
ber of peripherals that perform different system functions. 
For example, there may be a Universal Asynchronous 
Receiver-Transmitter (UART), a number of drivers, input/ 
output processors (IOPs), and so on. In some cases there 
may be multiple processors along With hard logic that 
performs the different input/output (I/O) functions. 

[0006] There are several problems With the existing 
approach for implementing custom systems-on-a-chip. One 
such problem is the long time to market. The IPs have to be 
designed and implemented in hardWare to perform the 
speci?c hardWare functions. This is a long and expensive 
process. The IPs then have to be integrated onto a single 
chip. Implementing the IPs in softWare is a possible solution 
to reduce the time required for hardWare implementation. 
Historically, hoWever, this has not been done because of 
several problems that developers Were not able to overcome. 

[0007] First is the problem of debugging the softWare. 
Each individual hardWare function that is being performed 
in softWare must be simultaneously debugged in real time 
along With the coordinating softWare that makes everything 
Work together. This is a daunting task that developers have 
often found takes longer than implementing the functions in 
hardWare. Second is the problem of orchestrating the overall 
functioning of the system. Generally, a master processor 
must interact With and convey instructions to slave proces 
sors that perform the IP functions. In a ?rst technique called 
Direct Memory Access (DMA), a bus arbitration process 
takes place betWeen the master processor and one or more 
slaves. This is necessary in order to program the slaves to 
perform their intended functions, to con?gure them, and to 
communicate the results of the slave processing to the 
master. A second technique for communicating betWeen the 
master processor and a slave processor is to use a mailbox 
scheme that, in one con?guration, is performed by a serial 
shift register that is shifted betWeen the master and the slave. 
In another mailbox con?guration knoWn as a parallel access 
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mailbox, messages betWeen the master and slave are passed 
by Way of parallel registers or a dual-port memory. 

[0008] A disadvantage of both of these techniques is that 
they require a signi?cant amount of softWare overhead to 
implement them. To implement the hardWare functions in 
softWare With one processor is a resource intensive opera 
tion. The operation takes up a lot of cycles, and overburdens 
the processor because of the softWare overhead involved. 

[0009] In order to overcome the disadvantage of existing 
solutions, it Would be advantageous to have an array of 
microcomputers and a method for implementing a system 
on-a-chip that implements the peripheral functions in soft 
Ware, but does not overburden the nucleus processor With 
overhead softWare requirements. In addition, such an array 
Would have a real-time simultaneous monitoring and debug 
capability. The present invention provides such an array and 
method. 

SUMMARY OF THE INVENTION 

[0010] In one aspect, the present invention is directed to an 
array of microcomputers having a hyper-scalable, real-time 
monitoring and debug architecture in Which several micro 
computers are cascaded together into a single, more poW 
erful unit. The architecture of the present invention com 
prises a novel cascadable instruction pipeline and related 
control circuitry Which alloWs, in the exemplary embodi 
ment described herein, up to nine (9) subprocessors or 
“proto-processors” to be cascaded With the instruction pipe 
line of a head processor or “nucleus processor” thereby 
creating an array of ten (10) or feWer processors. The 
processors may be microcomputers or Digital Signal Pro 
cessors (DSPs). 

[0011] In another aspect, the present invention is directed 
to a hyper-scalable microcontroller that includes a nucleus 
processor; a cascaded instruction pipeline; at least one 
proto-processor connected to the nucleus processor through 
the cascaded instruction pipeline; and control circuitry that 
selectively causes the proto-processor to operate indepen 
dently or as an extension of the nucleus processor. In one 
embodiment, the control circuitry causes the nucleus pro 
cessor to continuously feed a plurality of cascaded instruc 
tions into the cascaded instruction pipeline. The proto 
processor includes means for monitoring the cascaded 
instructions to determine Whether the proto-processor is to 
execute or ignore each instruction. 

[0012] In another aspect, the present invention is directed 
to compound instruction logic in a nucleus processor for 
registering, decoding, and executing instruction logic. The 
logic fetches and decodes compound instructions, and if a 
fetched instruction is a cascade instruction, the logic pre 
sents the cascade instruction in a partially decoded form to 
associated proto-processors via a cascaded instruction pipe 
line. The nucleus processor receives processing results from 
the proto-processors and loads the results into its Working 
(W) register Without the use of DMA circuitry or interrupts. 
During the execution of cascade instructions, the nucleus 
processor enters hyperscaled mode and dynamically scales 
itself by making any given proto-processor beloW it an 
extension of itself even While the proto-processors are 
running their oWn local applications and in real-time Without 
halting the proto-processors. 



US 2003/0182534 A1 

[0013] In yet another aspect, the present invention is 
directed to a microcomputer that includes a plurality of 
execution units that fetch, decode, and selectively execute 
compound instructions; and a cascaded instruction pipeline 
that carries a stream of compound instructions to the plu 
rality of execution units. Each of the compound instructions 
includes an indication of Which of the plurality of execution 
units is to execute each instruction. The microcomputer may 
also include a plurality of program memories, each of the 
program memories being associated With one of the plurality 
of execution units. Each of the program memories provides 
speci?c application program instructions to a particular 
execution unit. The microcomputer may also include means 
for prioritiZing the compound instructions and the applica 
tion program instructions for each of the execution units so 
that each of the execution units executes its speci?c appli 
cation program instructions until a particular execution unit 
fetches and decodes a compound instruction that indicates 
that the particular execution unit is to execute the compound 
instruction. At that time, the compound instruction takes 
priority and is executed by the particular execution unit. 

[0014] In yet another aspect, the present invention is 
directed to a method of controlling a plurality of micropro 
cessors. The method includes the steps of connecting a 
plurality of proto-processors to a nucleus processor through 
a cascaded instruction pipeline; and selectively causing each 
of the plurality of proto-processors to operate independently 
or as an extension of the nucleus processor. The nucleus 
processor selectively causes the plurality of proto-proces 
sors to operate independently or as an extension of the 
nucleus processor by continuously placing a plurality of 
cascaded instructions into the cascaded instruction pipeline. 
Each of the cascaded instructions is monitored by the 
plurality of proto-processors to determine by each particular 
proto-processor, Whether the particular proto-processor is to 
execute each instruction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The invention Will be better understood and its 
numerous objects and advantages Will become more appar 
ent to those skilled in the art by reference to the folloWing 
draWings, in conjunction With the accompanying speci?ca 
tion, in Which: 

[0016] FIG. 1 is a simpli?ed block diagram of an embodi 
ment of the present invention in Which a nucleus processor 
is arranged in a cascaded array With four proto-processors; 

[0017] FIG. 2 is a more detailed block diagram of the 
nucleus processor 11 and a proto-processor 12 illustrating 
the How of information betWeen them in one embodiment of 
the present invention; 

[0018] FIG. 3 is an illustration of an exemplary compound 
instruction utiliZed by the present invention; 

[0019] FIG. 4 is a block diagram of a hyperscalable 9-bit 
supercontroller in one embodiment of the present invention; 

[0020] FIG. 5 is an illustration of an exemplary Status 
Register for use in the present invention; 

[0021] FIG. 6 is a simulation timing diagram illustrating 
the relationship of nucleus processor signal timing With 
respect to responsive proto-processor signal timing during 
execution of the PWORM instruction; 
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[0022] FIG. 7 is a simulation timing diagram illustrating 
the relationship of nucleus processor signal timing With 
respect to responsive proto-processor signal timing during 
execution of the Proto Table Read (PTBLR) instruction; 

[0023] FIG. 8 is a simulation timing diagram illustrating 
the relationship of nucleus processor signal timing With 
respect to responsive proto-processor signal timing during 
execution of the Proto Table Write (PTBLW) instruction; 

[0024] FIG. 9 is a simulation timing diagram illustrating 
the relationship of nucleus processor signal timing With 
respect to responsive proto-processor signal timing during 
execution of the Proto Read Data (PRDAT) instruction; 

[0025] FIG. 10 is a simulation timing diagram illustrating 
the relationship of nucleus processor signal timing With 
respect to responsive proto-processor signal timing during 
execution of the Proto Write Data (PWDAT) instruction; 

[0026] FIG. 11 is a simulation timing diagram illustrating 
the relationship of nucleus processor signal timing With 
respect to responsive proto-processor signal timing during 
execution of the Proto Stop (PSTOP) and Proto Go (PGO) 
instructions; 

[0027] FIG. 12 is a simulation timing diagram illustrating 
the relationship of nucleus processor signal timing With 
respect to responsive proto-processor signal timing during 
execution of the PTLBW of a B(ranch) instruction sequence 
to locations 0000 and 0001 (reset vector); and 

[0028] FIG. 13 is a simpli?ed block diagram of a Field 
Programmable Nucleoprocessor Array (FPNA) comprising 
an array of four nucleus processors, each With three cas 
caded proto-processors. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0029] FIG. 1 is a simpli?ed block diagram of an embodi 
ment of the present invention in Which a nucleus processor 
11 is arranged in a cascaded array With four proto-processors 
12-15. A proto-processor may be a microprocessor, micro 
controller, or DSP Whose instruction pipeline is at least 
partially cascaded from the instruction pipeline of a preced 
ing nucleus processor and has the capability of executing its 
oWn proto-program from its proto-program memory. The 
nucleus processor may be, for example, a Reduced Instruc 
tion Set Computing (RISC) processor having 256 bytes of 
data RAM 16 and 2 k Words of program RAM 17. In 
addition, the nucleus processor has a Working Register (W 
Reg) 18 that receives cascaded response data from the 
proto-processors. A pipe cascade mechanism 19 provides 
instructions to each of the proto-processors utiliZing a cas 
caded instruction pipeline 21. The nucleus processor runs its 
oWn application program and in addition, acts as a super 
visory processor, orchestrating all of the processors to Work 
independently or to Work together as a single unit. Although 
not shoWn in FIG. 1, each of the proto-processors may, in 
turn, serve as a nucleus processor for additional proto 
processors stacked beloW it. 

[0030] In FIG. 1, each of the proto-processors 12-15 is 
identical, but may be different in practice, as long as they are 
responsive to the partially decoded cascaded instructions 
from the nucleus processor. The proto-processors may be, 
for example, RISC processors or DSPs, depending on the 
application for Which they are intended. In the embodiment 
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pictured, they are RISC processors each having a W Reg 22, 
16 bytes of data RAM 23, 512 Words of program RAM 24, 
and tWo I/O ports, Port A 25 and Port B 26. A proto 
processor’s instruction set Will generally be a subset of the 
nucleus processor, but not necessarily. The proto-processors 
operate under their oWn proto-program to animate or syn 
thesiZe I/O functions Which have been traditionally done in 
hard logic such as serial ports, timers, counters, pulse Width 
modulators, etc. In some con?gurations, the proto-proces 
sors may have “hard” I/O attached to them such as timer/ 
counter circuits. 

[0031] FIG. 2 is a more detailed block diagram of the 
nucleus processor 11 and a proto-processor 12 illustrating 
the How of information betWeen them in one embodiment of 
the present invention. The nucleus processor core and the 
proto-processor cores in the present invention are virtually 
identical With the exception of the amount of local program 
and data memory provided for a speci?c proto-processor or 
nucleus processor. The proto-processors may operate inde 
pendently of the nucleus processor or as an extension of the 
nucleus processor, or both. In order for the proto-processors 
to operate as an extension of the nucleus processor, a novel 
real-time architecture uses a cascaded instruction pipeline 
Whereby special instructions that are fetched and decoded by 
the nucleus processor are executed by designated or speci 
?ed proto-processors under the nucleus processor. A cas 
caded instruction is an instruction consisting of a series of 
similar stages, each of Which triggers or initiates the next to 
achieve a cumulative effect. These special cascaded instruc 
tions include, at a minimum, instructions necessary for the 
nucleus processor to access the resources (i.e., the program/ 
data memories and registers) of the proto-processors beloW 
it as if the resources Were its oWn. 

[0032] The present invention integrates into its architec 
ture, keys aspects of co-oWned US. Pat. No. 3,347,368 
entitled, “Microcomputing Device for Exchanging Data 
While Executing an Application” Which is hereby incorpo 
rated herein by reference in its entirety. This patent describes 
an apparatus and method for exchanging data in Which the 
device core receives application instructions from a ?rst bus, 
and receives data exchange instructions from a second bus. 
Selection circuitry determines from Which bus the core 
fetches instructions on any given cycle. The device core is 
able to perform data exchange subroutines Without halting 
background processes. 

[0033] In a classical, conventional processor, instructions 
enter the processor through an instruction bus, and are 
clocked in through a register. Instructions consist of an 
operation code (opcode) and an operand. The opcode is the 
portion of the instruction that speci?es the type of instruc 
tion and the structure of the data on Which it operates. The 
operand is the object of the instruction. The Width of 
conventional registers is the same as the number of bits in 
the opcode (e.g., 8, 16, 32, etc.). In the present invention, 
hoWever, a Compound Instruction Register 31 is utiliZed that 
is Wider than the application instruction opcode to alloW all 
the channels to come in at one time. Compound instructions 
include a 9-bit application program opcode and one or more 
opcodes for cascaded instructions, interrupt inputs, and 
real-time monitoring Which are put into the register at the 
same time. 

[0034] A compound instruction register 31 is roughly 
depicted in FIG. 2. The compound instruction register of 
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each RISC processor is a parallel cascade of the processor’s 
main instruction bus. The compound instruction register 
receives, in order of descending priority for execution: (1) 
decoded instructions from the nucleus processor above it via 
the novel cascade instruction bus; (2) interrupt inputs (6 
channels); (3) real-time data exchange instructions from a 
JTAG debug circuit; and (4) program instructions for its 
main application from its local program memory. The com 
pound instruction register is also a serial cascade of the 
nucleus processor instruction pipeline above it if the present, 
higher priority instruction Was initiated by the nucleus 
processor above it. 

[0035] The compound instruction register (INST_REG) is 
loaded during a valid OP_FETCH cycle With the INSTR 
_BUS Which feeds into it. The INSTR_BUS includes 
CASINST_F [3:0], INTCODE [3:0], MONINST [2:0], and 
PDImx. CASINST_F is the cascaded instruction bus Which 
is output from the nucleus processor. INTCODE are the 
encoded interrupt inputs. MONINST is a 3-bit real-time data 
exchange output of the JTAG debug and monitor circuit. 
PDImx is the mux of the proto-processors or nucleus pro 
cessors (Whichever the case may be) program data bus and 
the ?xed LOI opcode (immediately after RESET, LOI is 
read into the instruction register during the ?rst 2 clock 
cycles). 

[0036] FIG. 3 is an illustration of an exemplary compound 
instruction utiliZed by the present invention. The entire 
instruction may include 19 bits comprising, from highest 
priority to loWest priority, 4 bits for the cascaded instruction 
opcode, 3 bits for interrupt channels, 3 bits for JTAG debug 
monitoring and real-time data exchange, and 9 bits for the 
application program instructions. Thus, the individual 
instruction types are cascaded and prioritiZed Within the 
overall instruction. The entire instruction is then evaluated 
as one large opcode. If an executable instruction is received 
in a higher priority position, anything in the loWer priority 
positions is discarded. 

[0037] In the normal mode, the nucleus processor is only 
interested in the normal application instructions. The 
nucleus processor fetches, registers, decodes, and executes 
the application instructions. HoWever, When something else 
is presented in the bits in one of the other opcodes (i.e., the 
bits are not 0), such as an interrupt, then the additional bits 
have higher priority than the normal application instruction 
bits. The operands are still independent of the application 
opcode, but as noted above, the entire opcode is really much 
larger than 9 bits. As each clock cycle comes along, all of the 
bits are presented, fetched and evaluated at the same time. 
They are then prioritiZed and executed according to their 
priorities. 

[0038] It should be noted that in addition to cascading the 
individual instruction types Within the overall instruction, 
the individual instruction types are also cascaded sequen 
tially in time according to their priorities. If the instruction 
that has been registered is a cascade instruction for bringing 
all the processors together, it has higher priority than the 
instruction that Was fetched simultaneously off the main bus 
for the application program. The main program bus has the 
loWest priority, and the operands are grouped in priority 
order. Referring again to FIG. 2, it is shoWn that the 
cascaded instruction opcode 32 has the highest priority; 
interrupt inputs 33 have the second highest priority; moni 
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toring (real-time data exchange) instructions 34 have the 
third highest priority; and main program instructions 35 
have the fourth or loWest priority. 

[0039] Cascade instructions are partially executed by the 
nucleus processor 11, and are then completed by the proto 
processor 12 identi?ed in the cascade operand. The nucleus 
processor fetches the instruction, registers it in the Com 
pound Instruction Register 31, and decodes it in the Decode/ 
Execution Unit 36. If the instruction includes an indication 
that the instruction is a cascade instruction, the nucleus 
processor does not execute it, but sends it to the proto 
processors through the Cascaded Instruction Pipeline 21. 

[0040] In the exemplary embodiment, the nucleus proces 
sor can simultaneously direct up to 9 proto-processors to 
respond because a 9-bit instruction Word is used. Each bit 
position corresponds to one of the proto-processors. If a “1” 
appears in a particular bit position, that indicates that the 
associated instruction is to be executed by the proto-proces 
sor corresponding to that bit position. All of the proto 
processors read all of the instructions, but only execute those 
that have a “1” in their corresponding bit position. For 
example, the most signi?cant bit (MSB) is a “select” that 
tells the ?rst proto-processor to execute the instruction. If the 
MSB is a “0”, the ?rst proto-processor ignores the instruc 
tion. If all of the bits are set to 0, then all of the proto 
processors ignore the instruction. If all of the bits are set to 
1, then all of the proto-processors execute the instruction. 

[0041] FIG. 4 is a block diagram of a hyperscalable 9-bit 
supercontroller in one embodiment of the present invention. 
This embodiment uses an array of four RISC processors 
arranged as a nucleus or head processor and three proto 
processors. The four 9-bit RISC microcontrollers With a 
cascaded instruction pipeline alloW the array supercontroller 
to operate as four individual microcontrollers, as a single 
hyperscalable unit, or any combination. In the illustrated 
exemplary embodiment, the nucleus processor and the 
proto-processors are identical except for the amount of 
program and data RAM. All the module ports and so on that 
have been instantiated are identical. Therefore, the process 
can cascade to additional levels if desired. In other Words, 
the proto-processors can have subprocessors under them. 
They are function as plugs and sockets, labeled male and 
female sides (_M and _F in the signal). The bits are fetched 
and registered When the edge of each clock cycle arrives. 
The next cycle is “decode”, and the next cycle is “execute”. 
Fetch and decode are performed by the nucleus, While the 
execution stage is performed by the proto-processor. There 
are a progression of fetches, decodes, and executes in three 
pipelines for cascade instructions. 

[0042] Each microcontroller is capable of up to 50 MIPS 
operation When implemented in a QuickLogic QL7180 
QuickDSP Field Programmable Gate Array (FPGA) for a 
total of 400 million operations per second. The 9-bit RISC 
microcontroller cores have a modi?ed Harvard architecture 
With tWo-stage instruction pipeline. This in combination 
With a dual-port data memory arrangement alloWs for single 
cycle read-modify-Write operations. The result is a very fast 
and compact 9-bit RISC microcontroller core. 

[0043] Each controller includes tWo 9-bit programmable 
parallel I/O ports 25 and 26, and tWo programmable counter 
timer circuits 41 and 42. Each controller has its oWn 
single-cycle, 9x9 hardWare multiplier 43, 8-level hardWare 
stack 44, 512 bBytes data RAM 45 and at least 1 k bBytes 
program RAM 46. The nucleus processor may have 1 k 
bBytes data RAM 47 and 2 k bBytes program RAM 48. The 
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RAM blocks are con?gured for use as separate dual-port 
program RAM and data RAM. With this dual-port data 
RAM scheme, read-modify-Write operations execute in a 
single clock cycle. Furthermore, a dual-port program RAM 
arrangement alloWs on-the-?y uploading of programs and 
program data tables into program RAM via an external 
source. 

[0044] Another novel aspect of the controller core is a 
9-bit Wide instruction bus, data bus, and internal registers. 
The 9-bit bByteTM instruction and data Width enables direct 
interfacing to 9-bit First-In-First-Out (FIFO) buffers and to 
9-bit Digital-to-Analog (D/A) converters and Analog-to 
Digital converters (not shoWn). This 9-bit arrange 
ment alloWs the controller to easily and naturally operate on 
the 9-bit data communicated With these devices. The pro 
cessor uses an advanced indirect addressing mode utiliZing 
dual auxiliary registers (ARO and AR1) With auto post 
decrement and post increment capability. An external 
FLASH memory interface (not shoWn) enables the nucleus 
controller to program and access up to 256 k bBytes. Only 
45 instructions alloW easy memoriZation. Special cascaded 
instructions provide the nucleus controller With real-time 
access to any proto-processor resource as if it Were its oWn, 
even While the proto-processor is running. 

[0045] To do this, the neW, real-time architecture utiliZes 
the Cascaded Instruction Pipeline 21 Whereby the nucleus 
controller 11 fetches and decodes a speci?c cascaded 
instruction, and the speci?ed proto-controller completes its 
execution, even While running its oWn application. This 
strategy alloWs the designer to implement in softWare, 
functions Which Were traditionally performed in hardware 
logic. This makes the microcontroller more versatile and 
reusable in various applications. For example, an asynchro 
nous serial port can noW be implemented in softWare With 
out burdening the nucleus processor. Other functions that 
can noW be done in softWare include programmable pulse 
Width modulators, serial communication interface (SCI) 
ports, FIFO buffers, intelligent I/O controllers, liquid crystal 
display (LCD) controllers, and the like. 

[0046] In an embodiment With a nucleus and three proto 
processors, 3 cascade selection bits come out of the nucleus 
processor, one for each proto-processor. A longer Word may 
be utiliZed, but the extra bits are discarded. The nucleus 
processor can Write a value to all three proto-processors 
simultaneously. In one embodiment, the nucleus processor 
has three separate ports coming back in to the nucleus to 
read from all three proto-processors. In another embodi 
ment, the nucleus can only read from one proto-processor at 
a time. To conserve gates, this embodiment uses a selector 
on the read back cycle to enable the nucleus processor to 
select betWeen the proto-processors for the read back cycle. 
A prioritiZed select signal causes a multiplexer (MUX) to 
select the response from the proto-processor With the highest 
priority. Thus, all of the proto-processors can be instructed 
to go out and read a certain location, but only the data from 
the highest priority proto-processor is actually read into the 
W register in the nucleus. Alternatively, all of the responses 
can be read back and then MUX’d internally When required. 

[0047] It should be noted that there are situations in Which 
it is desirable for all of the proto-processors to read at the 
same time even though the nucleus processor is not going to 
do anything With the data. Some functions such as interrupt 
?ags are cleared When the proto-processors perform a read 
operation. So if it is desired to clear the ?ags, a read 
instruction can be sent to all the proto-processors. Also, 
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there may be several parallel channels of associated A/D 
converters, and it is desired to clock and load up a register. 
This done by a read operation. The actual information can 
then be retrieved one at a time. 

[0048] Each RISC controller includes a register set having 
a single Working Register (W Reg) 51, tWo Auxiliary 
Registers, (ARO) 52 and (ARl) 53, a Status Register (SRO) 
54, a Program Counter (PC) 55 (not shoWn), and an eight 
level by 12-bit hardWare Stack 44. The W Register 51 is 
9-bits Wide and is used as a general-purpose register for 
moving data in and off chip, program memory, and data 
memory. The W Register can also be used to temporarily 
store the results of logical and mathematical operations. The 
Auxiliary registers AR1 and ARO are also 9-bits Wide and 
are primarily used as pointers to the ?rst 512 locations in 
data memory When executing indirect instructions. This 
strategy is advantageous in that indirect instructions require 
only one clock cycle to execute since the source and 
destination address are contained in the speci?ed auxiliary 
register. These registers also have the ability to be automati 
cally post-incremented or post decremented alloWing for 
faster program execution When performing loop counting or 
table operations. AR1 and ARO may also be used as general 
purpose registers. 

[0049] Referring to FIG. 5, the Status Register 54 is a 
memory-mapped read/Write register located at location 
0x002 in the Q90’s data space. The Status Register is nine 
bits Wide and includes a Data Page pointer (DP) 61, Half 
Carry ?ag (HC) 62, Carry ?ag (C) 63, Zero ?ag (Z) 64, 
Interrupt Mask (INTM) 65, Interrupt Request ?ag (IRQ) 66, 
Auxiliary Register Pointer (ARP) 67, and Real-Time On 
(RTON) bit 68. With the exception of the INTM ?ag, the 
Status Register is not affected by reset. 

[0050] The Data Page (DP) pointer 61 is a tWo-bit pointer 
used during all indirect addressing mode data memory 
instructions. DP speci?es Which 512 bbyte page in data 
memory the current indirect data instructions is to operated 
on. DP can be modi?ed With the LDPK instruction as Well 
by a MOV W instruction to the STATUS register Which is 
memory mapped at location 0x002 in data memory. The 
direct addressing mode should normally be used for this 
operation unless the DP is already 00. The Half-Carry ?ag 
(HC) 62 is used in Binary Coded Decimal (BCD) arithmetic 
operations and is set to a logic one (1) Whenever a carry 
occurs betWeen bit 3 and bit 4 of the Arithmetic Logic Unit 
(ALU) during an ADD or SUB instruction. The HC ?ag is 
not affected by reset. The Carry ?ag (C) 63 is set When a 
carry occurs out of bit 8 of the ALU during an ADD or SUB 
instruction. It is may also be set or cleared during logical 
AND operations. Finally, a Set C (SEC) and a Clear C 
(CLC) instruction are provided for setting and clearing the 
C ?ag. The carry ?ag is not affected by reset. 

[0051] The Zero ?ag (Z) 64 is set to one (1) When certain 
arithmetic, logical, shift, or load/store operations result in a 
value of Zero; otherWise, the Z ?ag is set to Zero (0) during 
operations Which affect it. This ?ag is not affected by reset. 
The Interrupt Mask ?ag (INTM) 65 is used to enable 
acceptance of interrupt requests on the Interrupt Request 
(IRQ) pins. Setting the INTM ?ag to a logic one (1) enables 
acceptance of interrupt requests. Clearing the INTM ?ag not 
only disables interrupts, but also clears any pending inter 
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rupts. The Enable Interrupt (EINT) and Disable Interrupt 
(DINT) instructions are provided for enabling and disabling 
acceptance of interrupts respectively. The INTM ?ag is 
cleared to Zero on reset. INTM has no effect on recognition 
of softWare or hardWare breakpoints. The Interrupt Request 
(IRQ) ?ag 66 simply re?ects Whether or not there are any 
interrupts currently being requested. A one (1) indicates that 
there is an interrupt currently being requested. 

[0052] The Auxiliary Register Pointer (ARP) 67 is used by 
indirect addressing mode instructions to select Which aux 
iliary register is to be used during the currently executing 
indirect instruction. If the ARP=1, then the contents of AR1 
is used as the source/destination address. If the ARP=0, then 
the contents of ARO is used as the source/destination 
address. After poWer-up, the ARP must be initialiZed using 
either the LARP or MAR instruction since its initial state is 
undetermined. The Real-Time On (RTON) bit 68, if=1, 
indicates that the core is being operated in real-time mode. 
The application has no control of the setting and clearing of 
this bit. In a cascaded con?guration, this bit can be sensed 
by a supervisor processor to determine What mode any 
proto-processor is being operated in. 

[0053] The Program Counter (PC) 55 is 12-bits Wide and 
is used to access the next instruction from program memory. 
The PC is reset to 000h on poWer-up or When the reset pin 
goes active. Upon reset or poWer-up, the core begins fetch 
ing instructions at location 000h. Upon acknoWledgment of 
an interrupt or CALL instruction, the contents of the PC is 
pushed onto the top of the Stack 44 and the PC is loaded With 
the interrupt address. The RET instruction is used for both 
subroutines and interrupts. For interrupts, the EINT instruc 
tion should precede a RET if interrupts are desired upon 
return. Instructions that may affect the PC include B, BAN Z, 
BCND, BRK, RET, RETB, CALL, TBLR, TBLWR, PUSH, 
POP (as de?ned beloW). 

[0054] The present invention utiliZes an eight-level deep 
by 12-bit Wide hardWare stack 44 for context save and 
restore operations. The 12-bit Width of the stack facilitates 
saving or restoring of the PC 55 in a single clock cycle 
during interrupt acknoWledge or interrupt return. In the 
exemplary embodiment, the top of the hardWare stack is not 
directly accessible to the user except by Way of the PUSH 
and POP instructions. If needed, the stack can be easily 
expanded to up to 64 levels deep With just a feW additional 
logic cells. 

[0055] The controller core in the present invention has a 
repetoire of only 45 instructions, making it easy to memo 
riZe. Most instructions have a number of different addressing 
modes Which gives greater ?exibility in hoW operations are 
carried out. These modes include Direct, Indirect, Immedi 
ate, and Implied or CPU control type instructions. 

[0056] Direct Addressing Mode 

[0057] The direct addressing mode utiliZes the address 
given in the actual tWo-bbyte instruction as the destination 
and/or source address for the currently executing instruction. 
All direct address instructions are therefore tWo bbytes long. 
As With the indirect addressing mode, the destination can be 
speci?ed as either the original source address or the W 
Register. The direct addressing mode instructions are given 
in Table 1, and some examples of their use are shoWn as 
folloWs: 
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EXAMPLES 

[0058] 

add W, VALUE ;add W register to VALUE and store 
in VALUE 

mov PORT1, W ;move PORT1 to W Register 
and W, VALUE, W ;AND W With the contents of VALUE 

and store in W 
ror PORTO ;rotate right PORTO and store in 

PORTO 
rol PORTZ, W ;rotate left PORTZ and store result 

in W register 
mov W, PORT1 ;mov W register to PORT1 
dec VALUE ;decrement VALUE and store in VALUE 
inc PORTO, W ;increment PORTO and store result in 

W register 
sub W, VALUE, W ;subtract W from VALUE and store 

result in W 

[0059] 

8 7 6 5 4 3 2 1 0 

Direct With destination = Data memory 

Opcode 0 0 0 Upr Adr 
LoWer Data Address 

Direct With destination = W Register 

Opcode 0 1 0 Upr Adr 
LoWer Data Address 

[0060] 
TABLE 1 

Instruction Set Direct Addressing 

Mnem Description ~ Instruction Effect 

ADD Add W With memory 2 0000 0 d 0 aa : aaaaaaaaa Z,H,C 
and store in d 

SUB Subtract W from and 2 0001 0 d 0 aa : aaaaaaaaa Z,H,C 
store in d 
Subtract W With 2 0010 0 0 0 aa : aaaaaaaaa Z,H,C 
barroW and store in d 

AND AND W With memory 2 0011 0 d 0 aa : aaaaaaaaa Z 
and store in d 

OR OR W With memory 2 0100 0 d 0 aa : aaaaaaaaa Z 
and store in d 

XOR XOR W With memory 2 0101 0 d 0 aa : aaaaaaaaa Z 
and store in d 

MOV Move W to/from 2 0110 0 d 0 aa : aaaaaaaaa Z 

memory 
ROL ROL d and store in d 2 0111 0 d 0 aa : aaaaaaaaa Z,C 
ROR ROR d and store in d 2 1000 0 d 0 aa : aaaaaaaaa Z,C 
DEC Decrement memory 2 1001 0 d 0 aa : aaaaaaaaa Z 

and store in d 
INC Increment memory and 2 1010 0 d 0 aa : aaaaaaaaa Z 

store in d 
ADDC Add W With carry and 2 1011 0 d 0 aa : aaaaaaaaa Z,H,C 

store in d 

SUBB 

[0061] Indirect Addressing Mode 

[0062] The indirect addressing mode uses the contents of 
either Auxiliary Register 1 (AR1) 53 or Auxiliary Register 
0 (ARO) 52 as the address pointer for accessing internal data 
memory. The current value of the Auxiliary Register Pointer 
(ARP) determines Which auxiliary register is being used 
during the execution of an indirect addressing mode instruc 
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tion. This addressing mode is very powerful because these 
instructions require only one clock cycle to execute. Like the 
direct addressing mode, the destination can either be the 
original source address or the W Register. Another feature 
that makes these instructions very powerful is that the 
instruction can specify Whether the current auxiliary register 
is to be automatically post incremented or post decremented, 
and Whether or not a neW value is to be loaded into the ARP. 
These single-bbyte instructions alloW several different 
operations to take place at the same time alloWing applica 
tion programs to execute in feWer clock cycles and With less 
program memory. 

[0063] For indirect addressing, ARO and AR1 are ?rst set 
up as indirect address pointers using the folloWing instruc 
tions: 

larp #0 ;load ARP With 0 (specify ARO) 
lark #VALUE, ARO ;load ARO With the address of 

VALUE 
lark #PORT1, AR1 ;load AR1 With the address of 

PORT1 

[0064] The indirect addressing mode operations are pro 
vided beloW in Table 2, and indirect addressing mode 
instructions are provided in Table 3. Some examples of the 
use of indirect addressing instructions are shoWn as folloWs: 

EXAMPLES 

[0065] 

add W, *+, AR1, W ;add W register to contents of 
address pointed to by the 
current auxiliary register, 
increment the contents of the 
current auxiliary register, 
load the ARP With 1, and store 
the result of the ADD operation 
in the W register 
;move PORT1 to W register and 
load the ARP With 0 
;AND W With the contents of 
VALUE, load the ARP With 1, and 
store result of the AND 
operation in the W register 
;rotate right PORT1 and store 
the result of the ROR operation 
in PORT1 

;mov W register to PORT1, 
decrement AR1 so that it points 
to PORTO, and load ARP With 0 

mov *, ARO, W 

and W, *, AR1, W 

mov W, *—, ARO 

dec * ;decrement VALUE and store in 
VALUE 

[0066] 

8 7 6 5 4 3 2 1 0 

Indirect With destination = Data memory 

Opcode 1 0 M I/D AP 
Indirect With destination = W Register 

Opcode 1 1 M I/D AP 

Note: 
See Table 2 for bit ?elds 2, 1, 0 explanation. 
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[0067] 

TABLE 2 

Indirect Addressing Mode Operations 

M I/D AP Operation 

0 0 0 No Operation 
0 0 1 Not Used 

0 1 0 Load AP With 0 

0 1 1 Load AP With 1 

1 0 0 Decrement AR(ARP) then load AP With 0 

1 0 1 Decrement AR(ARP) then load AP With 1 

1 1 0 Increment AR(ARP) then load AP With 0 

1 1 1 Increment AR(ARP) then load AP With 1 

[0068] 

TABLE 3 

Instruction Set Indirect Addressing Mode 

Mnem Description ~ Instruction Effect 

ADD Add W With memory and store in d 1 0000 1 d ppp Z,H,C 
SUB Subtract W from and store in d 1 0001 1 d ppp Z,H,C 
SUBB Subract W With barroW and 1 0010 1 d ppp Z,H,C 

store in d 
AND AND W With memory and 1 0011 1 d ppp Z 

store in d 
OR OR W With memory and store in d 1 0100 1 d ppp Z 
XOR XOR W With memory and 1 0101 1 d ppp Z 

store in d 
MOV Move W to/from memory 
ROL ROL d and store in d 
ROR ROR d and store in d 
DEC Decrement memory and store in d 
INC Increment memory and store in d 
ADDC Add W With carry and store in d 

0110 1 d ppp Z 
0111 1 d ppp Z,C 
1000 1 d ppp Z,C 
1001 1 d ppp Z 
1010 1 d ppp Z 
1011 1 d ppp Z,H,C 

Note: 
See Table 2 for description of indirect codes ppp. 

[0069] W Immediate Addressing Mode 

[0070] There are seven W immediate addressing mode 
instructions that use the bbyte immediately following the 
opcode to perform an arithmetic or logical operation on the 
W Register. Hence all immediate instructions are tWo bbytes 
long and require tWo clock cycles to execute. The result of 
the operation is alWays stored in the W Register. The 
immediate mode instructions are provided beloW in Table 4. 

EXAMPLES 

[0071] 

add #1ABh, W ;ADD immediate 1ABh to the W 
register 
;move immediate SPEEDil to W register 
;AND immediate MASKiB With W and 
store result in W 
;compare #01Ch With W register 

mov #SPEEDil, W 
and #MASKiB, W 

cmp #01Ch, W 
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[0072] 

W Immediate Addressing Format 

8 7 6 5 4 3 2 1 0 

Opcode 0 1 1 0 0 
Immediate Data 

[0073] 
TABLE 4 

Instruction Set Immediate Addressing Mode 

Description ~ Instruction Effect Mnem 

ADD# Add immediate 9-bit 2 0000 0 0 1 00 : kkkkkkkkk Z,H,C 
program Word to W 

SUB# Subtract immediate 2 0001 0 0 1 00 : kkkkkkkkk Z,H,C 
9-bit program 
Word from W 

SUBB# Subtract With 2 0010 0 0 1 00 : kkkkkkkkk Z,C 
barroW immediate 
9-bit program 
Word to W 
AND immediate 2 0011 0 0 1 00 : kkkkkkkkk Z 
9-bit program 
Word With W 

OR# OR immediate 9-bit 2 0100 0 0 1 00 : kkkkkkkkk Z 
program Word 
With W 
XOR immediate 2 0101 0 0 1 00 : kkkkkkkkk Z 
9-bit program 
Word With W 

MOV# Move immediate 2 0110 0 0 1 00 : kkkkkkkkk Z 
9-bit program 
Word to W 

ADDC# Add immediate With 2 0111 0 0 1 00 : kkkkkkkkk Z,H,C 
carry 9-bit 
program Word to W 

AND# 

[0074] Branch and Call InstructionB 

[0075] Unconditional branch instructions include the B 
(unconditional) and CALL (branch to subroutine) instruc 
tions. The B (unconditional) instruction loads the direct 
address contained in the instruction into the program 
counter. The CALL instruction pushes the current value of 
the program counter onto the stack and then loads the 
program counter With the direct address contained in the 
CALL instruction. Both the B (unconditional) and CALL 
instructions require three clock cycles to execute since these 
instructions ?ush the instruction queue and the queue needs 
to be re?lled after the branch is taken. 

[0076] Conditional branch instructions include the B (cc) 
and BANZ instructions. These instructions are used to 
control the How of program execution depending on the state 
of certain core ?ags. 

B cc Instruction 

8 7 6 5 4 3 2 1 0 

Condition Code 
LoWer Address 

Opcode Upper Addr 

[0077] There are seven condition codes available for use 
With the B cc instruction. The condition codes are given in 
Table 5 beloW. 



US 2003/0182534 A1 

TABLE 5 

Jump Condition Codes 

5 4 3 Mnem Jump Condition 

0 O O GTE If Carry or Zero ?ag = 1; W >= Memory 
0 O 1 LT If Carry and Zero ?ags = O; W < Memory 
0 1 O NHC If Half Carry ?ag is = O 
O 1 1 NC If Carry ?ag is = O 
1 O O C If Carry ?ag is = 1 
1 O 1 NZ If Zero ?ag is = O 
1 1 0 Z If Zero ?ag is = 1 
1 1 1 Always 

[0078] The BANZ instruction is extremely useful for 
implementing ef?cient loop control operations. Either of the 
auxiliary registers can be used as a loop counter Whereby its 
value is tested for Zero (0) on each pass. If the value of the 
speci?ed auxiliary register is not equal to Zero (0) then a 
branch is taken to the address speci?ed in the instruction. 
The BAN Z instruction implicitly post-decrements the speci 
?ed auxiliary register. The jump instructions are provided 
beloW in Table 6. 
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[0080] 

TABLE 6 

Jump Instructions 

Mnem Description ~ ~ Instruction Effect 

B cc Branch 2 3 110 ccc aaa : aaaaaaaaa n/a 

conditionally 
B Branch 2 3 110 111 aaa : aaaaaaaaa N/a 

unconditionally 
CALL Jump 3 3 1110 O O aaa : aaaaaaaaa n/a 

unconditionally 
to subroutine 

BANZ Jump if AR(ARP) 2 3 1110 1 n aaa : aaaaaaaaa n/a 

not Zero, 

decrement 

AR(ARP) and 
load n into ARP 

EXAMPLES [0081] Note: See Table 5 for description of condition 
[0079] codes ccc. 

RESET: 

b INITIALIZE ;jump unconditionally 
to initialization 

INITIALIZE: 

call SETUPLLCD ;jump unconditionally 
to LCD setup 
subroutine 

mov PORTO, W ;read PORTO into W 
cmp W, #034 h ;compare W With #034h 
b LT, LCDLTST ;if W is less than 

O34h then jump to 
LCDiTST 

DISPLAYLMSG: ;display message 
subroutine 

larp #0 ;load ARP With 0 
lrlk #HELLOLMSG, ARO ;load address of 

hello message into 
ARO 

lrlk #HELLOLEND — HELLOLMSG, AR1 ;load length of 
hello message into 
AR1 

LCDiWRITEiLOOP: 

tblr *+, ARO ;move data stored at 
address given in ARO 
into the W register 
and automatically 
post increment ARO 

mov W, LCDLDATA ;mov the character 
out to the LCD 

banz *—, AR1, LCDLWRITELLOOP ;if AR1 not equal to 
0 then jump to 

LCDiWRITEiLOOP and 
automatically post 
decrement AR1 
















